Abstract -The WiMAX mesh networks based on IEEE 802.16 standard was developed with the base station (BS) as a coordinator for centralized scheduling. However, interferences from transmission of the neighbouring nodes within the mesh networks are inevitable. This paper proposes a centralized scheduling algorithm that can reduce interferences by constructing routing tree with multi-channel single transceiver system in WiMAX mesh networks. In this algorithm, each node has one transceiver that can be tuned to any of the channels, intending to eliminate the secondary interference. The parameters of interference, hop-count, no. of children per node, spatial reuse, fairness, load balancing, quality of services (QoS) and node identifier (ID) are considered. The results of analysis show that this proposed algorithm greatly improves the length of scheduling and the channel utilization ratio (CUR).
Introduction
Worldwide Interoperability for Microwave Access (WiMAX) [1] is an emerging wireless communication system that is expected to provide high data rate communications in metropolitan area networks (MANs). WiMAX technology based on IEEE 802.16 standards addresses the last-mile broadband wireless access (BWA) system problem.
According to the IEEE 802.16 standards, WiMAX technology supports two operation modes: point to multipoint (PMP) and Multipoint Point to Multipoint (MPMP) or named Mesh or Relay Mode. A WiMAX PMP network aims at providing last-mile access to broadband internet service provider (ISP) [2] .
WiMAX base stations can offer greater wireless coverage of about 5 miles, with line of sight (LOS) transmission within bandwidth of up to 70 Mbps. In the mesh mode, several mesh subscriber station (SS) can constitute a small MPMP wireless connection, without specific uplink and downlink sub-frames. It may commendably support the non line of sight (NLOS) transmission, adopting the multi-hop technology based on packet switching to keep away from obstruction, interference and congestion. In particular, the mesh modes of the WiMAX standards provide direct communication between SS and hence reduce dead zone while increasing the global throughput [3] .
One of the major problems in the WiMAX mesh networks is dealing with interferences from transmission of the neighboring nodes. Previous researches avoid the effect of the interference by constructing a routing tree and / or scheduling algorithms. A cross layer between the medium access control (MAC) and physical layers is often being considered. Most of the current researches are based on single channel. Peng in [4] proposed multi-channel scheduling algorithm but did not focus on routing tree. Han in [5] designed scheduling algorithm for 802.16d by considering the relay model using single channel but did not consider bandwidth request. Lu in [6] took into account both interference and bandwidth request for each node during the construction of routing tree but considered only the interference at the receiver. Du in [7] constructed multi-channel system in the scheduling algorithm but did not focus routing tree. Jiao in [8] designed centralized scheduling, by constructing routing tree under multi-channel system but did not consider bandwidth request for each node.
In this paper, cross layer design between network and MAC layers is proposed. The selection of best routes for each node is done by constructing routing tree with tacking into account the hop-count, no. of child per nodes, interference from other nodes, no. of packets and node identifier (ID). The use of multichannel system will reduce the interference by eliminating the secondary interferences. The proposed centralized scheduling algorithm by considering the no. of hops to the BS, no. of packets, no. of interference nodes from neighbor nodes, node ID and the relay model will avoid the congestion on the path to BS. To the best of the authors' knowledge, this work is the first one on IEEE 802.16 mesh mode that considers the no. of child. The results of the proposed algorithm show that the length of scheduling is reduced, and channel utilization ratio is enhanced.
The rest of this paper is organized as follows. In section 2, we will present an overview of scheduling in WiMAX mesh network. In section 3, we will describe the benefit of using Multi-Channel system. In Section 4 we will explain in detail the construction of routing tree using multi-channel assignment and centralized scheduling algorithms. Section 5 presents the simulation result and we conclude the paper in Section 6.
Scheduling in Wimax Mesh Networks
In the WiMAX mesh mode, there are two scheduling methods: distributed scheduling and centralized scheduling. Distributed scheduling is also classified in two kinds: coordinated and uncoordinated distributed scheduling. The coordinated one used for coordinating their transmission extended two hop neighboring but the uncoordinated scheduling used for temporary burst between a pair of neighboring nodes like an ad-hoc network [7] . The centralized scheduling used to schedule the transmission from the BS to the SSs (downlink) or vice versa (uplink). In the centralized scheduling, every SS send its bandwidth request with the message mesh centralized scheduling (MSH-CSCH): request. After the BS receives this request message, it will collect the resource request and send a resource allocation to each SS through the MSH-CSCH:grant. There is another message used for sending the routing tree and scheduling configuration to all SS, it is mesh centralized scheduling configuration (MSH-CSCF) [9] .
The focus here only on the centralized scheduling because the consideration of traffic is from the SSs to the BS and we will consider only the uplink traffic because it is more complicated than the downlink traffic. In the downlink, the BS is the only one that transmits. The packets are broadcasting to all SSs and only the SS picks up the packets that destined to it. On the contrary, in uplink traffic a lot of SSs transmit to BS and the BS allocate time slot to each SS that want to transmit data [10] . The main objective of centralized scheduling is transmitting the data to /or from the BS in a collision free manner.
Benefit of Multi-Channel System
Wireless network uses a shared medium to communicate to each other. In single channel network any transmission must follows the principle that there must be only one receiver among the neighborhood of a transmitter and there must be only one transmitter among the neighborhood of a receiver [11] . So that there is two type of the interference [12] :
• Primary interference: occurs when a station do more than one thing (transmits or receives) at one time.
• Secondary interference: occurs when a station R who intends to receive from station T is within the range of another transmitter whose transmission is not intended for R.
Obviously the primary interference can not be eliminated because we are using single transceiver to ensure that the usage of multi-channel does not add extra hardware to the wireless mesh networks [8] , but the secondary interference, can be eliminate by using multi-channel single transceiver in each time slot. Different SSs can work on different channels at same time to eliminate the secondary interference, so a lot of SSs can work at same time. The benefit of multichannel system assignment algorithm is presented in Figure 1 . Figure 1(a) shows the routing tree and mesh topology, the solid line represent the routing tree and dashed line represent the mesh topology while Figure  1(b) shows the channels assignment on the routing tree, that linked SS1 to BS (link 1), link SS2 to BS and link SS3 to BS using the same channel (denoted as link no. 1) because they have primary interferences between them and linked directly to the BS. Link SS4 to SS1 and link SS5 to SS2 use different channel because they have secondary interference between them and primary inference with links SS1 to BS and SS2 to BS and similarly for links SS6 to SS2, and SS7 to SS3, SS8 to SS4 and SS9 to SS5. Links SS5 to SS2 and SS6 to SS2 use the different channel because they are adjacent (have primary interference) (denoted by link no. 3 and 2). 
Constructing Routing Tree Channel
Assignment Algorithm Centralized Scheduling in 802.16d
This algorithm consists of three steps: Constructing routing tree, channel assignment strategy algorithm and centralized scheduling algorithm.
Constructing Routing Tree
The primary focus of this algorithm is to provide scalable routing in the presence of static node. The network topology is a tree rooted to the BS and the problem is to select the best root for the all SSs (source) to the BS (destination). One of the major problems in the wireless communication is dealing with interferences from transmission of the neighbouring nodes. In this procedure, it is need to take into account four parameters: hop-count to the BS, no. of child per each node (parent node), the interference from the neighboring node (no. of neighboring nodes) and no. of packets for each node along the root to the BS. To developing the procedure we will also apply four rules as follows:
1. Always select the sponsoring nodes (parent node) from the upper level (Minimum hop-count to the BS path by summing the blocking metric for all the nodes along the path to the BS. Finally the path (sponsor node) with minimum blocking metric will be selected. 4. If there are more than one sponsor node have same no. of blocking metric, the sponsor node with smallest ID will be chosen. The routing tree construction algorithm can be illustrated as shown in Figure 2 . Figure 2 (a) depicts the WiMAX mesh topology. In Figure 2 (b) we assume random no. of packets per node (from 1 to 3 packets) and we will consider only the hop-count to the BS, no. of neighboring nodes (interference nodes) and no. of packets per node to construct the routing tree. In Figure 2 (c) the hop-count to the BS, no. of neighboring nodes, no. of packets and no. of child per node are considered. In Figure 2 
Channel Assignment Algorithm
The same techniques that are explained in section 3 in a multi channel system using single transceiver in which each node can support one channel in each time slot. However, we can tune it to another channel in another time slot. By using our algorithm we can eliminate the secondary interference, hence reducing the length of scheduling, and CUR because a lot of nodes transmit at same time slot (using different channel). But we can not reduce the primary interference because we are assuming single transceiver.
The switching delay which is occurred when a transceiver tuned between the channels is ignored because it is too small. We first should assign the channels on the edge set of the routing tree. Starting with the SS nearest to the BS following the smallest node ID (Identifier), start the channel assignment algorithm with the ID equal 1 which the nearest to the BS before choosing the next ID. The nodes that have primary interference and secondary inferences used another channel.
Centralized Scheduling Algorithm
In the 802.16d, time slot allocation for each SS is controlled by centralized scheduling algorithm. We propose a centralized scheduling algorithm considering the interference, multi-channel system, QoS, fairness, load balancing and the relay model (each node responsible to transmit its packets and its child packets). In order to design according to IEEE 802.16, we make the following assumptions:
• No node simultaneously transmits and receives data.
• Nodes can not send or receive data in the signal range of communicating nodes because of interference.
• The signal of a node can only cover the range of a single-hop neighborhood.
• Non-interference links can communicate concurrently.
• The traffic is always between the Mesh SS and Mesh BS (uplink traffic).
• Each node can support only one channel in each time slot.
• Node can transmit one packet in each time slot.
• The buffer in each node work in first in first out (FIFO) [13] for sending the data from the node queue.
There are a lot of selection criteria to select the links to send the data: random, minimum interference, Nearest to BS (hop count) and Farthest to BS. We used Nearest to BS algorithm because this common criteria used by other researchers. Furthermore since all the SSs send the data to the BS (relayed by the nodes that near the BS)there will be a lot of traffic near the BS so that using Nearest to BS algorithm give high priority to the nodes near the BS to send the data. We will select the nodes in the same level (same hop-count to the BS) depending on:
1. Maximum no. of packets. 2. Maximum no. of interference neighbors nodes. 3. Smallest Node ID. First we select the node in the same level depend on link no. 1 to provide high priority to the nodes that have more no. of packets, if all the nodes have same no. of packets then we shift to link no. 2 to ensure the fairness and the load balancing between the nodes because the nodes that have a lot of no. of neighboring nodes will be blocked by the interferences form the neighboring nodes more than other node, if all the nodes have same the no. of interfering neighbors then we shift to link no. 3 Then we select the nodes with smallest Node ID no. to send the data before the other in same level. Note that we have initially set the counter equal to the no. of packets for each node; therefore when SS send data its counter is reduced by one and receiver node counter increased by one.
SIMULATION

Simulation Metrics
Two performance parameters are used for evaluating the system performance:
• Reduced length of scheduling (the no. of time slots in the cycle).
• Improved Channel Utilization Ratio (CUR): the ratio between the no. of occupied time slots (no. of packet * no. of hops to the BS for each node) and the total no. of available time slots (the length of scheduling multiplied by the no. of nodes).
Simulation Setup
We have proposed the construction of routing tree centralized scheduling using multi-channel single transceiver in 802.16d considering the relay model in the scheduling algorithm. We compare our result with single channel system and Multi-CH system in [7] . We have used MatLab simulator to evaluate the performance metrics. We locate the BS at the centre of the simulation area. We obtain the result in three ways to shows the system performance: the traffic for each SS selected randomly from 1 to 3 packets, the second one the traffic for each SS selected randomly from 1 to 5 packets, and the third way the traffic for each SS selected randomly from 1 to 10 packets. The no. of nodes is increase from 5 to 120 with step of 5.
Simulations Result
There are four scenarios in the evaluations of system performances. The first scenario is denoted as Propose1 which constructing the routing tree by considering the hop-count to BS, interference from neighbouring node, no. of packets per node and no. of children per node. The second scenario is denoted as Propose2 which constructing the routing tree by considering only the hop-count to BS, interference and no. of packets per node. The third scenario is denoted as Multi-CH which is taken from [7] and the last scenario is denoted as Single-CH which is base on [5] . Figure 3 gives the result for the length of scheduling. Figure 3(a) gives the result when all the SSs have random no. of packets from 1 to 3; Figure  3 (b) gives the result when all the SSs have random no. of packets from 1 to 5, Figure 3(c) gives the result when all the SSs have random no. of packets from 1 to 10. In figure 3 (a) the propose1 performs better than the single-CH, propose2 and Multi-CH and when we increase the traffic to 5 or 10 packets the propose1 perform better than the others. The simulation result shows that we have reduced the length of scheduling and the system (propose1) scalable when we increase the no. the traffic. Figure 4 present the result of the channel utilization ratio, Figure 4 (a) shows result when all the SSs have random no. of packets from 1 to 3; Figure  4 (b) presents the result when all the SSs have random no. of packets from 1 to 5, Figure 4(c) gives the result when all the SSs have random no. of packets from 1 to 10. It is observed that we have increased the channel utilization ratio and the system (propose1) scalable when we increase the no. of packets. Notice that the transmission ranges for the nodes are fixed. 
Conclusion
We have proposed a routing tree centralized scheduling using multi-channel single transceiver for IEEE 802.16d. We consider the hop-count to the BS, no. of child of nodes, the interference from neighboring nodes and traffic load per each node in constructing the Routing Tree and considering the interference from neighboring nodes, traffic load, hopcount, node ID and the relay model in the scheduling design. We compare our proposed scheme with a multi channel and single-channel scheduling algorithm. Our findings show that we have improved the system performance through reduced length of scheduling, and improved CUR.
